1.. Introduction {#s0001}
================

It has been known since the first identified SARS epidemic that the receptor critical for SARS-CoV entry into host cells is the angiotensin-converting enzyme 2 (ACE2), an important actor on renin-angiotensin system (RAS) \[[@cit0001],[@cit0002]\]. Similarly, with the novel coronavirus (SARS-CoV-2), the S1 domain of the spike protein (SARS-2-S) attaches the virus to its cellular receptor ACE2 on the host cells. The subsequent step is the ACE2 downregulation by primary enzyme TACE and TMPRSS2, which culminate on the receptor cleavage \[[@cit0003],[@cit0004]\]. The partial lack of ACE2 expression has protagonist post on the severe lung injury by SARS-CoV \[[@cit0005],[@cit0006]\].

2.. The role of the ACE2 in the lung and the SARS infection damage {#s0002}
==================================================================

ACE2 expression occurs in alveoli-type 2 pneumocytes and macrophages present into the pulmonary parenchyma \[[@cit0007]\]. Indeed, ACE2 displays advantageous function in several tissues including the lungs. Abundant expression in pulmonary tissue can be attributed to its defensive feature against several diseases. Recent studies have demonstrated that ACE2 protects murine lungs from acute lung injury as well as SARS-spike protein-mediated lung injury, suggesting an important role of ACE2 in SARS infections and protection from ARDS \[[@cit0008]\]. Based on these SARS effects, it could be thought initially that the RAS blockers might increase the risk of developing a notorious and sometimes fatal severe acute respiratory syndrome coronavirus infection since ACE2 can be triggered by clinical RAS inhibition. However, Meng and coworkers, in a brilliant discussion, showed the first clinical evidence that RAS inhibitors improve the clinical outcomes of Covid-19 patients with hypertension \[[@cit0009]\]. In another study, it was proposed that there are no data supporting that ACE inhibitors (ACEi) or angiotensin II type 1 receptor blockers facilitate coronavirus entry by increasing ACE2 expression and the authors suggest that treatment with RAS blockers should not be discontinued because of concerns with coronavirus infection based on the currently available evidence \[[@cit0010]\]. When it comes to assessing hyperinflammation in Covid-19, a clinical study compared IL-6, an inflammatory marker found in SARS-CoV-2 positive patients on ACEi versus non-ACEi therapy, revealing that the cytokine levels were reduced in the ACEi group \[[@cit0009]\]. More recently, Khashkhusha and colleagues reported an interesting editorial emphasizing the fact that we do not yet know exactly the clinical benefit of using ACEi. Indeed, they suggested that large studies are needed to delineate the role of ACEi in treating Covid-19, ideally both in patients naïve to ACEi and chronic users of ACEi \[[@cit0011]\].

Wang and Cheng reported that SARS-CoV and MERS-CoV upregulate the expression of ACE2 in lung tissue, a process that could accelerate their replication and spread. Indeed, based on a causative course, this is expected \[[@cit0012]\]. Nevertheless, this event of increased ACE2 expression by PCR techniques could reveal compensatory effect due to the virus entry mechanism. Thereby, how could be the pattern of ACE2 expression not only its related mRNA as Wang and Cheng showed? Kuba and colleagues published an interesting experimental model injecting SARS-spike protein to mimic the inflammatory response on lung tissue. Indeed, this event may explain that PCR was not the best perspective to evaluate the enzyme expression since they detected by blot analysis the ACE2 downregulation associated to increased Ang II, a proinflammatory peptide when binds to AT~1~ receptors \[[@cit0013]\]. Recently, our research group raised a putative connection between ACE2 downregulation and harmful role of its imbalance on Covid-19. The medical hypothesis speculates that ACE2 when downregulated promotes bradykinin (BK) and des-Arg^9^-BK excess culminating in cytokine storm owing to BK-receptors type 1 binding \[[@cit0014]\]

It is noteworthy that ACE2 expression is not restricted to the lung, but also extra pulmonary spread of SARS-CoV-2 in ACE2 positive tissues was observed such as heart, liver, kidney, and GI tract \[[@cit0015],[@cit0016]\]. We thought that it is timely to explain the connection between the ACE2 in late stages of SARS-CoV-2 and the association with rationale use of ACE2 activators as a potential therapy. Yang and colleagues showed in an experimental murine model of SARS-CoV infection that overexpression of human ACE2 enhanced disease severity, demonstrating that viral entry into cells is a critical step \[[@cit0017]\]. Nevertheless, up to our knowledge, no study has shown if reestablishment of ACE2 on pneumocytes and lung parenchyma could led to an improvement of pulmonary function and attenuation of inflammatory response in SARS-CoV-2 during late phase, which includes specially cytokine storm and failure in gas exchange, as well as extra lung damage such as heart tissue and gut repercussions. So, based in all these findings, we believe that the ACE2 specific activators could achieve useful properties in severe acute respiratory syndrome induced by SARS-CoV-2 infection.

3.. Therapy for Covid-19 is still required {#s0003}
==========================================

As an acute viral disease, Covid-19 has some phases already observed and suggestively proposed by epidemiologists. Chakraborty and colleagues (2020) published a very organized compilation which brings these phases of coronavirus outbreak with SARS-CoV-2 in (i) incubation period (up to 5 days), (ii) symptoms appear (6--7 days); (iii) painful breathing (8 day); (iv) respiratory distress syndrome -- acute phase (9 days), and (v) severe case -- patient admitted to ICU (more than 10 days). In early stages, before acute phase, the appropriate recommendation in the scope of medical virology is the use of antivirals to mitigate viral replication. In Covid-19, there is not a specific antiviral although a plenty of clinical studies are ongoing with off-label medications such as chloroquine, hydroxychloroquine, lopinavir, and remdesivir \[[@cit0018],[@cit0019]\]. However, in late phases, patients with Covid-19 have been minor benefits with antiviral therapies. Recently, preliminary study results suggested dexamethasone, a commonly used steroid, to reduce risk of death in sickest Covid-19 patients \[[@cit0020]\]. Clinical pharmacology is yet seeking effective options for treating Covid-19 due to the high nonresponsive patients to suggested drugs up to this date.

In terms of massive control of a viral pandemic, the most expected is the intervention of an effective vaccine to achieve herd immunity. There are many speculations and advanced studies regarding to vaccines based on known epitopes, notably focused on spike glycoprotein of SARS-CoV-2, which recognizes the gateway ACE2 and triggers an immune response characterized by hyperinflammation \[[@cit0021]\]. Meanwhile, it's noteworthy that the world is yet urging for therapeutic options in this pandemic scenario with emphasis on late stages.

4.. Embarking effect of ACE2-angiotensin 1--7/Mas receptor Axis in SARS-CoV-2 {#s0004}
=============================================================================

Diminazene aceturate (Dize: C14H15N7 · 2C4H7NO3; Molecular Weight: 515.5 g/mol; PubChem CID: 5,284,544) is an old antiparasitic used primarily in animal clinical practice that activates ACE2. Dize is an aromatic diamidine that was first described in 1955 and has been originally developed for therapeutic approach in controlling trypanosomiasis, its IUPAC name is 2-acetamido acetic acid; 4-\[2-(4-carbami midoylphenyl) iminohydrazinyl\] benzene carboximidamide \[[@cit0022]\]. Nevertheless, in recent years, this drug has been extensively studied with regard to its therapeutic potential and manifold effects; this pleiotropy for pharmacology development has consequently attracted palpable interest in drug repositioning \[[@cit0022]\]. Actually, several studies have shown that Dize may influence positively other physiological conditions in different tissues ACE2^+^. In addition to activating ACE2, this drug stimulates the protective axis of the RAS, leading to the cleavage of Ang II. ACE2 metabolizes Ang II to Ang-(1--7) and thus counter regulates the deleterious effects of Ang II \[[@cit0023]\].

Dize seems to be a daring candidate in experimental approaches of SARS-CoV-2 infection due to its (1) directly ACE2 activation, (2) anti-inflammatory profile, and (3) known tolerable use in humans, Berenil® is and FDA-approved drug since the last century \[[@cit0022],[@cit0024]--[@cit0026]\]. Recently, Fang and coworkers have demonstrated the beneficial effects of Dize in pulmonary disorders in animal models by regulating NF-κB and Nrf2 gene expression routes which encode proinflammatory cytokines that compromise lung function \[[@cit0027]\]. Could the diminution in ACE2 levels explain partially the reasons for this damage? In the same study, the authors showed lower expression of ACE2/Ang-(1-7) in lung tissue and bronchoalveolar lavage fluid of mice with hyperoxia, while Dize restored ACE2 and this favorable phenomenon was aggravated by MLN-4476, an ACE2 inhibitor. Dize also diminished vascular permeability and parameters of pulmonary edema followed by controlled oxidative stress on induced-hyperoxia lung damage in mice. Another study developed by Imai and colleagues showed pivotal protective role of ACE2 on mice with severe acute lung injury induced by acid aspiration or sepsis \[[@cit0028]\]. However, no studies have explored the off-label effects of Dize on epithelial and connective tissue and the role of the ACE2/Ang-(1-7)/Mas receptor pathway in healing of acute lung injury induced by SARS-CoV and SARS-CoV-2.

It is worth mentioning that although lung injury followed by cytokine storm is the major complication in Covid-19 on pnemocytes into the alveolar epithelial cells, but there is remote damage in other tissues ACE2+ such as heart, liver, and sometimes underestimated on intestine causing diarrhea \[[@cit0015],[@cit0029]--[@cit0034]\]. Dize also has shown that reestablishment of ACE2 in these tissues suggests advantageous guidance of thinking about its multi target fashion drug for SARS-CoV-2 far-off injuries \[[@cit0035]--[@cit0037]\].

5.. Conclusion {#s0005}
==============

We hypothesize as novel therapeutic strategy for late stage mainly in pulmonary complications provoked by SARS-CoV-2 infection, but also remote damages, based on specific ACE2 activation, with diminazene aceturate, and that may important specially for nonresponsive patients to management protocols purposed by now (see [Figure 1](#f0001){ref-type="fig"}). If ACE2 levels are restored in tissues that SARS-CoV-2 reduced its expression, and this is the resumption of homeostasis, we can be close to the control of a pandemic through this therapeutic proposal.Figure 1.Hypothetical scheme. (a) SARS-CoV-2 infection is characterized by the collapse of the alveoli orchestrated by the decrease in the surfactant layer, followed by the release of inflammatory mediators culminating in the cytokine storm and impaired by the downregulation in ACE2; while (b) diminazene aceturate, an ACE2 activator, could improve late clinical outcome due to its anti-inflammatory and tissue protectant profile by reduction of proinflammatory cytokines, by augmenting surfactant proteins ACE2 dependent followed by ACE2 activation and speculated upregulation of ACE2 expression in late stages of Covid-19.

Article highlights {#s0006}
==================

In science, 2020 will be emblematically marked by the high flow of publications aimed at understanding, preventing, and treating Covid-19, but the pandemic scenario continues to advance with an opened avenue for therapeutic proposals.Importantly, downregulation of ACE2 after SARS-CoV-2 infection has not an assumption of no experimental set by now. The benefit of ACE2 activating persists unknown until experimental approaches show its inefficacy in Covid-19 pathophysiology.We are now eager to propose possible data on mechanisms of action of Dize in SARS-CoV-2 infection specially in late stages, and to show whether this ACE2 activator agents can be useful in the treatment of inflammatory response driven by ACE2 downregulation in SARS-CoV-2 infection.Ongoing experimental approaches in SARS-CoV-2-infected mice should be addressed for these issues.
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